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Titanium oxide, and photocatalyst and photocatalyst coating composition using the same 



(57) A titanium oxide having (i) an electron spin res- 
onance spectrum which has three or more peaks at g 
vaiues within the range of from 1 .930 to 2.030, the larg- 
est one of the pealts being at a g value within the range 



of from 1.990 to 2.020, and/or (il) a spin concentration 
X of 1 .60 X 1 Qie splns/g or more, determined from the 
electron spin resonance spectrum of the titanium oxide 
measured after inadlatlon by visible light. Is useful as a 
photocatalyst. 
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Description 

FIELD OF THE INVENTION 
BACKGROUND OF THE INVENTION 

mm Ultraviolet Irradiation to a semiconductor generates electrons having a strong reduction actlvlW and ooaltl»« 
holeshaNrtngastmngoxIdaUon activity, to decomposeamolecularspeclesthatcorneslnc^nS 

t^Ll^r H '^^rP°^^*'- "ad-smelllng substances, molds orthe like m a living or working spacere decom- 
posed and removed, environmental pollution substances such as organic solvents, agfochemicate S surfTcSSTn 

Z ''f "T"? f"** ^ ' Photocata^lc Jvlty. titalm olfde Is attmclq 

much attention and photocatalysts made of titanium oxide are In the market attracting 

PW031 However, the photocatalytto activity shown by the photocatalysts made of titanium oxide available in the 
present market is not sufftolent when the photocatalysts are Irradiated with visible light. 

SUIVIIWARY OF THE INVENTION 

iSL I!!! ""if? °' !"? fuf " '° P"^**" ' aufficiemiy high photocatalytte 

activities by Irradiation of visible light, to provide a photocatalyst using the titanium oxMe as a catalysfcinponem and 
to provide a photocatalyst coating composition using the titanium oxide. component ana 

tOOOSJ The present Inventors have studied on titanium oxide In order to achieve such objects. As a result the present 

IrblS'iI^M^p^Jh" ' ?f """'^ '"""''^""y ^'9'' photocatalytte activities by irradiation of 

visible light, and have completed the present Invention. 

[0006] Thus, the present Invention provides a titanium oxide having 

(0 three or more peaks within the range of from 1 .930 to 2.030 In g value of electron spin resonance spectrum of 
the Itanium oxide, wherein the largest one of the peaks Is within the range of from 1 .990 to 2.020 In the q value 
and/or 

(11) a spin concentration X of 1 .60x1016 spins/g or more, whfch is detemiined from electron spin resonance spec- 
tmm of the titanium oxide measured after irradiation of visible light. 

[0007J The present Invention also provides a photocatalyst containing the above-described titanium oxide as a cat- 
alyst component. 

[0008] The invention furtherprovides a photocatalyst coating composition comprising the above-described titanium 
oxide and a solvent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Fig. 1 is a wavelength-transmittance diagram showing spectral characteristics of an ultraviolet-cutting filter 
equipped with a light source used for visible light Irradiation for calculation of spin concentration X and visible light 
^rradlajon for evaluation of photocatalytic actMty of photocatalysts In Examples 2 and 3 and Comparative Examples 

[0010] Fig. 2 is a wavelength -transmittance diagram showing spectral characteristics of an Infrared-cuttlng filter 
equipped with a light source used for visible light In-adlation for calculation of spin concentration X. 
[0011] Fig. 3 shows the ESR spectra of titanium oxides obtained In Example 1 and Comparative Example 1 . 
[0012] Fig. 4 Is a wavelength-transmlttance diagram showing spectral characteristics of an ultravioiet-cutting filter 
equipped with a light source used for visible light irradiation for evaluation of photocatalytic activity of photocatalysts 
In Example 1 and Comparative Example 1 . / r / 

[0013] Fig. 5 shows the ESR spectra of titanium oxides obtained In Examples 2 and 3 and Comparative Examples 
2 and 3. 

[0014] Fig. 6 Is a wavelength -transmittance diagram showing spectral characteristics of an infrared-cutting filter 
equipped with a light source used for visible light Irradiation for evaluation of photocatalytic activity of photocatalysts 
In Examples 2 and 3 and Comparative Examples 2 and 3. / r / 
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DETAILED DESCRIPTION OF THE INVENTION 

10015] -ntanium oxide In the present Invention has (I) three or more peaks within the range of from 1 .930 to 2 030 In 
fZTj r '^^T"'^ '^^'^'^ (hereinafter, referred to as ESR spectrum), wherein the largest one of 

the peaks is within the range of from 1 ,990 to 2.020 In the g value and/or (10 a spin concentration X of 1 .50x1 0" spins/ 

Of visiDie llsnt. 

[0016] The principle of ESR can be described as follows: When unpaired electrons are placed in a magnetic field 
energy level Is divided due to the Zeeman effect Supposing that the difference of the divided energies is represented 
Dy AE. When the electroihagneUc field In a microwave range (frequency v) satisfying the following formula (1): 

AE s h V 

(h-P"ankcon8tant6.6265x 10-34 js.v :MlcrowaveFrequency)lsappliedwith changing h^^^^ 
field, then a resonance absorption occurs in the case that the Intensity H of the magnetic field satisfies the followina 
formula (II): ^ 



hv = gPH (II) 

and a peak appears in the resonance absorption cun^e which Is obtained by plotting Intensity of the magnetic field in 
abscissa and absorption of the electromagnetic field In ordinate. Based upon the position of the peak, a g value, which 
Is an Index representing the state of paired electrons, Is obtained using the following fomiula (III) which is derived from 
the formula (11): 



g = hv/{PH) (II,) 

(g: g value, p: Bohr magneton 9.274 x 10-24 jj-i^ h: magnetic flux density). 
[00171 In general, ESR spectrum Is represented by a resonance absorption curve In a linear differential form , in order 
to improve the detection sensitivity. 

[0018] A titanium oxide In the present invention may be examined whether or not it has three or more peaks within 
the range of from 1 .930 to 2.030 In g value of its ESR and the largest one of the peaks Is wllhm the range of from 1 .990 
to 2.020 In the g value, ibr example, using the following method: 

[0019] The ESR spectrum is measured while shielding from iight. The measurement on the ESR spectrum of the 
titanium oxide may be carried out by using ESP-300 (manufactured by BRUKER JAPAN Co., Ltd.) under the following 
conditions, and a g-value of the titanium oxide is calculated by putting the magnetic flux density (H) obtained when a 
resonance absorption occurs Into the formula (III). 

Temperature: Room temperature 

Pressure: Atmospheric pressure 

Microwave Frequency: 9.47 GHz (= 9.47x lO^ s'"") 

Center Field: 3400 G 

Sweep Width: 500 G 

Sweep Time: 83.885 s 

Time Const.: 1310.72 ms 

Mod. Amplitude: 5.054 Q 

Peak position detection: Con-ected by using a g value of 2.0037 ofl .1 •-diphenyl-2-picrylhydra2yl (hereinafter, re- 
ferred to as DPPH) 

[0020] It Is not clear why the titanium oxide in the preset Invention shows a superior photocatalytic activity. However, 
since peaks located between 1.930 and 2.030 in g value of ESR spectrum are considered to be derived from radical 
groups containing nitrogen (atomic weight; 14). It Is assumed that the photocatalytic acth/lty has something to do with 
the existence of nitrogen andthe distortion within the crystal lattice Inside the titanium oxide due to the existence thereof. 
[0021] In the present invention, the spin concentration X Is calculated from an area between the range of from of 
2.002 and 2.008 In g value of ESR spectrum measured after Irradiating titanium oxide with visible iight. The g value of 
from 2.002 to 2.008 corresponds to a magnetic flux density of from 3365 to 3375 G. 
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Sweep Time: 84 s 

Time Const: 20 ms 

Mod. Amplitude: 2 Q 

Measuring Range: from 3150 to 3650 G 

Integration Number 6 times 

Diameter of a measuring part of a Pyrox reaction tube for 
measurement: 2 mm 

Peal< position detection: Corrected by using DPPH 

'^"'1'°" °! "^^l"'* llghtfor calculating the spin concentration X may be effected by using as a iiqht source 
of a 500 W xenon lamp (trade name: Lamphouse UI.S02Q. lamp: UXL-SOOD; lighting device xSioi1a a IT 
cTSZ!!£V''-^ equipped With an ultraviolet-cutting f.lter'(trade name: maSct^fed b^^^^^^^ 

menu actured by Toshiba Glass Co.. Ltd.) which shows spectral characteristics lliustfated In Fta 2 
0024] The spin concentration X (splns/g) of titanium oxide is measured by comparing an ESR spectrum of the 
titanium oxide with that of a substance of which spin concentration Is known ^ "B "« spectrum of the 

S in?eiC«S:r "'^^^ 

[0026] Using 4-hydroxy-2,2,e,e-fetramethylplperldlne-1 -oxyl (hereinafter, referred to as TEMPOL) as the substance 

f^mtoTrTT I Trr'" ^^^^^ ^ by rheVorwC™^^^^^^^^ 

«^«- ^ -^"H Vamauchi 

illiJ^ohtloH ' '^^'^''°r!:M''o^?"'^ ^° P^'P''^ "reMPOL solution. A 1 ^1 portion 

i^nd ,h!l !1 *° P'^P"" «>' ^O"^"* {solution 

If? «f -^l P"'^"" °' the aqueous solution ai Is diluted with water to prepare 1 0 mi of an aqueous solution 

S i?H.l^*1'^f °' "'^ ""'""''"^ «1 ^ 1^ respectively measured. These 

ESR spMtra In dHTerentiai form are converted into Integral forms, to calculate the sizes of areas in the Inteqrai- 
form ESR spectra by a sectional measurement or the like. The area size A, . which Is in the ESR spectrum of the 

rultb^ieuxV^^^^^ 

llm?lMh™°'''^'"'"'. f ''^''^ '"t ^ •"""•'"^ 2 « •'•'9'" 2-« «" ^n". therefore, the 

volume of the measurement region Is 7.854x1 Q-^ L. 

i?„]l^™« Tar«^'.7e^'!°l- 1" '"»«"r«"ent region is cateuiated to be 4.634X1 o-" moi from a TEIWPOL 

Sr,!f ^M^^l'.'-i"^'^^''' """"'^ '""^ ^"'""^^ the measuring region. 
Based on the fart tha TEMPOL has one spin per molecule, a spin number (spin number B,) of the solution a1 In 
the measurement region is calculated to be 2.731 x 1 o's. 

tob?"S7xTJ«*'^*'"^^^'^""'^"°'^'''°°''*^'""P'"""'"''°^ 

rl ^ :^'^^"'""'^'P "^t*'^^" area size A and a spin number B is shown with a straight line that 

coincides with the origin, the following equation (I) corresponding to such a straight line is provided based on the 
area sizes A, and Aj obtained in (1 ) and the spin numbers B, and Bj resperthrely obtained In (3) and (4) 
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B=2.40x1o'a (I) 

(6) An ESR spectrurr of titanium oxide Is measured In differential fomi and then the ESR spectrum in the region 
of g value o from 2^002 to 2.008 Is converted into the integral fomi. to calculate the size of area (area size C) in 
the integrai-fom) ESR spectra. A spin concentration is calculated from the following equation (II)- 



Spin concentration (splns/g) = 2.40x io*xC/(Dx2.5/E) (11) 
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1m 1^ ^ • X/the spin concentradon Y) of more than 1.00, more pi«ferabl! 

measurement of ESR spectrum Is carried out while shielding from light ^ 
[00281 It Is preferred that the titanium oxide having a spin concentration X of 1 .SOxlQie splns/g or more also has 
Sto STrofpSR °' 'S': ; ^ ^^'^^ (-responding to the magnetic ?lux deniVof fror^ 

l f1„«""" '"^^^ " '""'"^'^ «9ht wherein the Ia.ge8t one of the peaks Is 

rirro^eL thTJ ^ <"=°^'«^P°"^I"9 1° magnetic flux density of from 3345 to 33?6 G) Jt 

s more preferred that the titanium oxide has three or more peaks In the range of from 1.976 to 2 029 In a value 

[0029] Further, the titanium oxide having a spin concentration X of 1 .50 xl Die splns/g or more preferably has a snin 

TeSn'? r ' ' r ; ° tt^^ °^ ""'^^^'"^ ^ ^ ^ "^"^ ^"'"^^ - -'^'^ -iLlSd'! ^ 
beN«an the range of from 2.008 to 2.020 In g value (corresponding to magnetic flux density of from 3345 to 3385 G) 
If? ? '^^^^rB^i with shielding from light. The measurement of the ESR spectrum and the calculation for 

in„T«, o 1? ^''^ except that the measurement of ESR spectrum is carried out while shielding from light and the 
range of g value used for the calouiation Is changed Into the range of from 2.008 to 2 020 

mixed with the titanium oxide as long as the compound(8) does/do not give adverse effects to the photocatalytic acUvity 
Of the titanium oxide. After the mixing, the resulting titanium oxide may be subjected to a heating treatmrnfo?t^e £ 

alumina (AljOa), zirconia (ZrOj), magnesia (l^gO) and zinc oxide (ZnO) ^ ' y » t^'^a). 

?„1^^1mo?^hh^"'"'"u°'"'^! ^ P~''"=«*- ««^P'e. ^ "fixing an acid with a titanium 

caN„r„„' P ^f.t '"'"'""3 mixture While cooDng under stirring, and then carrying out washing and 
caldnatlon Examp es of the acid to be used may Include hydrochloric acid. Examples of the titanium compound to Se 
r VT ^^'^^'O'"^^. titanium sulfate, titanyi sulfate and tltalm aSd^Ex! 

Zlo ,hl \ * '"^^ °^ " """^^^"''^ that generates ammonia. Examples of the sub- 
stance that generates ammonia may include amide compounds such as urea and fomialdehyde. amidine compounds 
such as acetamldine, and amine compounds such as triethanolamlne and hexamethylenetetramlne. Alternatively the 
titanium oxjde In the present invention can be produced, for example, by catelning a titanium hydroxwTsuS a 
commercially available a-tltanium hydroxides. um nyarexme sucn as a 

iSl„.T^ n-^r . ! r T'^ '"^1"*^^' *''"'"P'*' ' 'heet-shaped photocatalyst obtained by adding a molding 
assistant to particulate titanium oxide and then conducting an extrusion molding of the resulting mixture a sheet 

S^nS? t tanlum oxide to a metallic or resinous substrate or coating such a substrate with titanium o^e. Into the 
fbil^r in f an;norganic compound other than titanium oxide, a polymer resin, a fomiing assistant. 

toSf r , t! ^" ""P™^^ mechanical strength and moldability of the pho- 

l^w r^^Z "7°""'" to be used may Include silica (SiOj). alumina (AI2O3). zirconia (ZrOa). magnesia 
nn^,^ ■ .? °' ' ^"'^ photocatalytic activity with uilra^olet Irradiation 

rin nS ™ ~ "f ' " '""'^^'^ '°"g «^ 't can emit visible light having a wavelength 

of 430 nm or more. Example of the light source may Include solar rays, a fluorescent lamp, a halogen lamp, a black 
light, a xenon lamp and a mercury arc lamp. 

SIJffL.ln!' tk'^'!'^^' ""l'"^ composition in the present Invention comprises the above-described titanium oxide 
materiarsuch J^^^^^^^^ coating composition makes It possible to easily apply the titanium oxide onto various 

materials such as a construction material and an automobile material, to coat such various materials with the titanium 
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KL^d'^wTrrit'i^T^^^^^^ '"^ '"^'^ « '"^•''•'•^ Which titanium oxide 

ISI ^, ° ""'^y °' * '^^'^ "tenlum oxMe Is peptized with an acid Uoon 

dispersion, a dispersing agent may be added thereto, It necessary. 

dS oflSf^ifh '"^«"«°" ^'^'''''''^ « '"fl'' Photocatalytic activity by Irra- 

may be the titanium oxide Itself of the present Invention. The photocatalyst coating comp<«ltlon in Se PresenVS^^^^^ 

^trcSvar/maSnr""^ 
sKciTo^srern"'^^^ 

- bad-smelling substances, molds or the like In a living or working space are decomposed and removed 

■ environmental pollution substances In water such as organte solvents, agrochemtoals and surfactants are deoom- 
posed and removed, and 

- proliferation of bacteria such as ray fungi, algae, molds 3, the like Is suppressed. 

[0039] The titanium oxide, and the photocatalyst and thu photocatalyst coating composition using the titanium oxide 

nthepresentlnventlon are descrlbedin Japanese application nos.11.310250.flled October 29.1999 and/or12-47295 
filed February 24. 2000. the complete disclosures of whteh are incorporated herein by reference 



30 EXAMPLES 



K « ""^"^ " '^'''^^^'^ by tellowlng Examples, which should not be construed as 

a limitation upon the scope of the present invention. 



35 Example 1 



[0041] into a 300 rnl flask, were put 110 g of a 0.5N aqueous hydrochloric acid solution and 25 g of titanium tetra- 
chloride (Special grade, manufactured by Wako Pure Chemical Industries, Ltd.), and stirred under an atmosphere of 
hSfl"? "]^'^- «<1^«'' *°PW'8« g of a 25% ammonia water (Special grade, manufactured 

by Wako Pure Chemical Industries, Ltd.) over about 20 minutes with cooling with Ice to perform hydrolysis. The obtained 
mixture was Altered off, washed and dried to obtain a dry cake. The diy cake was catelned In the air at 400«C for one 
hour to obtabi a particulate titanium oxide having a yellowish color. The ESR measurement of the titanium oxide was 
conducted. As a result, the ESR spectrum has g values of 2.023, 2.005 and 1 .985. The ESR spectrum is shown in Fig. 
3. According to Journal of the Physical Chemistry. 89. 5689-5694 (1985), peaks observed In the ESR spectrum are 
generated due to a radical group containing nitrogen (having an atomic weight of 14) 

[0042] In a sealed-type glass reaction vessel made of Pyrex (diameter; 8 cm, height: 1 0 cm, volume: about 0.5 L) 
tZSrtl ohl". 7?' photocatalyst made only of the particulate yellowish 

"f f^ obtained above. The reaction vessel was filled with a mixed gas having a volume ratio of oxygen to 
nitrogen of 1/4 (l-e- oxygen : nitrogen = 1:4), sealed with 33 ^moi of acetic acid and then irradiated with visible light 
having a wavelength of 430 nm or more. The photocatalytic activity of the photocatalyst was evaluated by measurement 
llTT!\T« "I"^?"" ^^^^ decomposition product of acetfc acid generated by the irre- 

dia^on of visible light. The measurement of the carbon dioxide concentration was conducted using a gas chromatog- 
raphy OTiade by Shimadzu Corporation, column: Porapak Q. carrier gas: helium). The Irradiation was carried out using 
a 500 W xenon lamp as the light source (made by USHIO INC., trade name; Lamphouse UI-502Q, lamp; UXL-500D 
hghhng device; XB-501 01 AA-A) equipped with an ultraviolet cutting filter (trade name: Y-45; manufactured by Toshiba 
Glass Co.. Ltd.) having spectral characteristics shown In FIG. 4. A producing rate of carbon dioxide was 5.86 umol/h 
per gram of the photocatalyst. 
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Comparative Example 1 
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tehihara Sangyo Kaisha. Ltd. was used as the ph'otocataVst. As a rX pTdu^^^^ % 
Town rHaT ^P^*™-" ST-01 only has g valu! of 2.003. The ESR sperm ,! 



2JrJ. "9 "'^ decompositions of acetic acid to carbon dioxide shown In Example 1 and Comparative Ex- 

Liz ihr??)"'; """^ present Invention shows a higher dLmpositlon funX ZtSSJS 

aotMty) than that of commercially available photocatalyst made of titanium oxide. «ion tpnotocataiytic 



Example 2 



ir^Si^i ■ - ^ ^ °' * '^•^ """^ hydrochloric add solution and then 75 g of titanium 

tetrachloride (Special grade, manufactured by Wako Pure Chemlcai Industries, Ltd.) was also put and stirred ma 
mtation speed of 400 rpm. To the resulting mixture, was added dropwise 430 g of a 25% ammonia wate TSaclal 

SSd^ 7?c ,^lI,n?J ? ""T: "^'"9 ^^"'P^'* water 30 times and 

dried at 70 C to obtain a dry cake. The dry cake was calcined In the air at 3S0*C for one hour to obtain a oartksulate 
t.tan,um oxide. The ESR measurement of the titanium oxide was conducted. The results of the ESR measuremTm at 
theT^ '^^ ""^ «'9"« 5 '"<^'^ ♦'^^ plrrof peal Of 

msi In a sealed-^pe glass reaction vessel (diameter 8 cm, height: 1 0 cm, volume: about 0.5 L). was placed a 
S^ol 9 of photocatalyst made only of the particulate titanium oxide obtained 

SZn i !f .TlTc ^ '^^'"9 « to nltmgen of 1/4 (I.e. oxygen : 

nrtrogen = 1 :4) sealed yiajh 4.5 nmol of 2-propanol and then Irradiated with visible light having a wavelength of 430 

LrhonTnT/ tt ''m r'^'T!'" f*'"'"^ °' PKotocatalyst was evaluated by measur«ment of a concentratton of 
cart)on dioxide, that s the oxidation decomposition product of 2.propanol generated by the Irradiation of visible light. 
The measurement of the carbon dioxide concentratton was conducted using a photoacoustic muitlgas monitor (IWIodei 
'»y 'NNOVA). A producing rate of cartjon dioxide was 8.37 ^moi/h per gram of the photocatalyst. 
2! i°Z!f . °^ """^ " S°0-Wxenon lamp as a light source (trade name: Optical iVIodulex SX-UISOOXQ, 
arrp. UXL-SOOSX. manufactured by USHIO inc.) equipped with an uitravioletHJutting filter (trade name: Y-45. manu- 
actured by Toshiba Glass Co.. Ltd.) which shows a spectral charaoteristtc shown in Fig. 1 and an infrared-cutting filter 

'"^""factured by Ushio inc.) which shows a spectral characteristic shown In Fig. 6 
[0047] A photocatalyst coating composition Is prepared by dispersing the particulate titanium oxide obtained above 
applied to a wall and dried, to uniformly form a titanium oxide layer on the surface of the wall. 

Example 3 

PW4B] o-TItanium hydroxide (manutectured by Kishlda Chemical Co., Ltd.) was calcined In the air at 400»C lor one 
hour to obtain particulate titanium oxide. The ESR measurements of the titanium oxide are shown In Table 1 and the 
ESR spectrum Is shown in Fig. 5. The arrows In Fig. 5 Indicate the positions of peaks. Using the titanium oxide the 
photocatalytic activity of the photocatalyst was evaluated in the same manner as In Example 2. A producing ra e of 
carbon dioxide was 1 .41 nmolrti per gram of the photocatalyst. 

Comparative Example 2 

[0049] p-Tltanium hydroxWe (manufactured by Kishlda Chemical Co.. Ltd.) was calcined in the air at 400°C for one 
hour to obtain particulate titanium oxide. The ESR measurements of the titanium oxide are shown In Table 1 and the 
ESR spectrum is shown in Fig. 5. The arrows In Fig. 5 Indteate the positions of peaks. Using the titanium oxide, the 
photocatalytic activity of the photocatalyst was evaluated In the same manner as In Example 2. A producing rate of 
carbon dioxide was 0,00 nmol/h per gram of the photocatalyst 

Comparative Example 3 

[OOSOl Using a commercially available titanium oxide (trade name: P.25, manufactured by Degussa) as a photocat- 
alyst as it was. a photocatalytic activity of the photocatalyst was evaluated In the same manner as In Example 2. A 
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Table 1 




Example 2 


Example 3 


Comparative 
Example 2 


Comparative 
Example 3 


Spin concentration X (splns/g) 


4.26X1016 


2.46X1016 


0 


0 


Spin concentration Y (splns/g) 


3.53X1016 


1.64X1016 


0 


0 


Spin concentration ratio X/Y 


1.21 


1.50 






The number of peaks appearing 
between 1 .930 and 2.030 In g value 


4 


2 


0 


0 


9 value of the largest peak 


2.004 


2.004 






Spin concentration Z (spine/g) 


0.00x1016 


1.96X1016 







Claims 

1. A titanium oxide having 

f oTn ^P^''*""" ""ileh has three or more peaks at g values within the range ot from 

2« „^ k!T I' 'J.'^ ^° <*«te""'ne'«f™ni the electmn spin resonance spec- 

trum of the titanium oxide measured after IrradiaUon Invisible light. nance spec 

iUtJZ'S! ^ • "^'""9 *P'" '»P«='^"'" «hich has three or more peal« 



llSnTrf°f!!^r**['l"^ ''l""" ^ °' ^' " »P'" ^ncsntratlon X of 1.S0 X lO" spins/g or more 

determined from the electron spin resonance spectmrn of the titanium oxide measured after Irradtetion by visible 



™^Zi„„ V «, °' ^ ''"^ « ('^^ °' « «P'" concentration X to a spin 

^^r^m J,« ^ °°''=«"«^«'">" X being detemilned from the electron spin resonance 

E 1 "S'^t and the spin concentration Y being dete^ 

mined from the electron spin resonance spectrum of the titanium oxide measured while shielding from light. 

S. A photocatalyst comprising a titanium oxide as claimed in any one of claims 1 to 4 as a catalyst component. 
MKin?*^*^'^*' composition comprising a titanium oxide as claimed in any one of claims 1 to 4 and a 



7. A nriaterlal coated with a photocatalyst as claimed In claim 5 or a photocatalyst coating composition as claimed 
Claim 6, 



in 



\ 



8. Use of a titanium oxide as claimed in any one of claims 1 to 4 as a photocatalyst. 
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Fig. 3 



Example 1 



Comparative Example 
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Fig. 5 
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Example 2 



Example 3 
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Comparative Example 2 



Comparative Example 3 
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